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Remarks 

Claims 3 and 10 are amended herein. Support for the amendment of claim 3 can be found in 
the specification at page 7, lines 19-30. Claim 10 is amended to correct dependency. 

Claims 8-9 and 1 1-23 are canceled herein, without prejudice to renewal. 

Applicants believe that no new matter is added. Reconsideration of the subject application is 
respectfully requested. 

Information Disclosure Statement 
Applicants note that the Examiner has not considered two references (EMBL Accession 
Number Q 12563 and Herscovics et al) that were listed on the Information Disclosure Statement 
submitted by Applicants on March 25, 2002. For the Examiner's convenience, additional copies of 
the two references are attached herewith. The Examiner is requested to acknowledge receipt of these 
additional copies of the references. Applicants believe that no fee is due for the submission of these 
references, as copies were submitted with the original Information Disclosure Statement. 

Specification/Informalities 
The trademarks noted by the Examiner have been amended and are capitalized whenever 
they appear in the specification. Care has been taken to ensure that other trademarks have been 
similarly identified. Applicants submit that a generic term is associated with each trademark. 
Applicants submit that the amendments to the specification overcome this objection. 

As noted by the Examiner, SEQ ID NO: 18 was incorrect in the previously submitted 
sequence listing. TAT of SEQ ID NO: 18 encodes tyrosine and not, as previously shown in SEQ ID 
NO: 18, threonine. Applicants have corrected the obvious error in SEQ ID NO: 18 and submit 
herewith a corrected version of the Sequence Listing in both paper and electronic versions. 
Applicants also submit a Statement in Compliance verifying the identity of the paper and electronic 
versions. Applicants submit that the submission of the corrected sequence listing overcomes the 
objection. 
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Rejections under 35 U.S.C. § 101 

Claims 3-7, 10-11 and 20-30 under 35 USC § 101, were rejected in the Office action on the 
basis that the claimed invention is not supported by either a specific and substantial asserted utility or 
a well-established utility. As noted in the Office action, the claimed polypeptides, encoded by the 
claimed nucleic acids, are of use for modifying the glycosylation pattern of proteins (see the 
specification at page 27-28). Applicants submit that Examples 5 and 6 demonstrate a well- 
established utility for the claimed subject matter. Example 5 outlines two assays that are specific to 
mannosidase activity, hence demonstrating the proposed activity of the crude culture medium and 
purified enzyme preparations. A third assay is described in Example 6 in which cell lysates were 
tested for mannosidase activity. 

The Office action seems to contend that because a scientific publication suggests additional 
experiments, that the present disclosed polypeptides do not have utility. Applicants respectfully 
disagree. 

The utility guidelines are clear: a utility disclosed in the specification must be (1) established, 
(2) asserted by the applicants, (3) specific, and (4) substantial. In the present application, these 
guidelines have clearly been met. Specifically: 

(1) The use is clearly established. For example, the proteins are disclosed to be of use in 
modifying glycosylation (for example, see the specification at page 27, lines 1-33). 

(2) This use is asserted by the Applicants. For example, claim 10 is directed to a method of 
modifying glycosylation patterns. 

(3) The utility is specific. The proteins are disclosed to have a specific function as a- 1,2- 
manosidases (see for example, pages 28-33). 

(4) The utility is substantial. There is a real world context of the use of mannosidases, 
namely to alter properties such as intercellular trafficking, aggregation, and antigenicity of proteins 
(see the specification at page 3, lines 16-27). 

Reconsideration and withdrawal of the rejection is respectfully requested. 

Rejections under 35 U.S.C. § 112, second paragraph 
Claims 3-7 and 10 were rejected under 35 USC § 1 12 as allegedly being indefinite. Claim 3 
has been amended to replace "and" with "or," as suggested in the Office action. Claim 10 is 
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amended to depend from claim 5, as suggested in the Office action. Applicants submit that the 
amendments of claims 3 and 5 render the rejection moot. 



Claims 3-7, 10-1 1, 20-26 and 28-29 were rejected under 35 USC § 1 12, first paragraph as 
allegedly not being enabled. In addition, an assertion was made that there is insufficient written 
described for these claims. Claims 1 1-23 are canceled herein. Applicants respectfully disagree with 
these rejections as applied to the claims as amended. 

Claim 3 is amended herein to recited 80% sequence identity. Applicants respectfully 
disagree with the rejection as applied to the claims as amended. Adequate description is provided by 
the specification at page 1 1-15 for the claimed nucleic acids. Moreover, a sequence comparison is 
provided at page 33-38. 

Reconsideration and withdrawal of the rejection is respectfully requested. 

Rejections under 35 U.S.G § 102 

Claims 1 1, 20-23 and 28 were rejected under 35 USC § 102(b) as allegedly being anticipated 
by GenBank Accession No. AA965900. Claims 11, 20-23 and 28 are canceled herein, rendering the 
objection moot. 

Conclusion 

Applicants respectfully request entry of this amendment. If any matters remain to be 
addressed, please contact the undersigned at the telephone number listed below. 



Rejections under 35 U.S.G § 11 2, first paragraph 



Respectfully submitted, 




One World Trade Center, Suite 1600 
121 S.W. Salmon Street 
Portland, Oregon 97204 

Telephone: (503) 226-7391 / Facsimile: (503)228-9446 
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The amino acid sequence of the specific a- mannosi- 
dase involved in ^-oligosaccharide processing in Sac- 
charomyces cerevisiae was found to have a high degree 
of similarity to the deduced amino acid sequence of a 
rabbit liver a-mannosidase partial cDNA, demonstrat- 
ing that processing mannosidases have been conserved 
through eukary otic evolution. Regions of sequence iden- 
tity were chosen to design degenerate oligonucleotide 
primers that can be used to prepare probes using the 
polymerase chain reaction (PCR) for cloning processing 
mannosidases from other eukaryotes. Using these prim- 
ers for PCR with mouse liver cDNA as template, two 
related but distinct PCR products were obtained. The 
amino acid sequences of PCR 2 and PCR, were 88 and 65% 
identical with the corresponding sequence of the rabbit 
enzyme, respectively. Southern blot analysis of mouse 
genomic DNA using PCR t and PCR, as probes revealed 
that they are derived from two different genes, indicat- 
ing the existence of a mammalian mannosidase gene 
family with at least two members. Using PCR, as a 
probe, a novel mouse cDNA was isolated from a 3T3 
cDNA library. It contains an open reading frame which 
encodes a type II membrane protein of 73 kDa with a 
cytoplasmic region of about 35 amino acids, a Ca 2 * bind- 
ing consensus sequence, and a single iV-glycosylation 
site. Northern blot analysis of mouse tissues and L cells 
revealed tissue-specific expression of multiple tran- 
scripts, ranging in size from 4.2 to 8.5 kilobases, that 
suggests a complex pattern of gene regulation. Tran- 
sient expression of the influenza hemagglutinin epi tope- 
tagged cDNA in COS cells followed by indirect immun- 
ofluorescence with monoclonal antibody 12CA5 showed 
that the cloned mannosidase is primarily localized in a 
juxtanuclear position corresponding to the Golgi. The 
C-terminal domain lacking the putative transmembrane 
region was shown to have a-mannosidase activity when 
expressed in COS cells as a secreted Protein A fusion 
product. 



Mannosidases play an important role at different stages in 
the maturation of JV-oligosaccharides in mammalian cells. This 

* This work was supported by a research grant from The Medical 
Research Council of Canada and by National Institutes of Health Grant 
GM31265. The cobU of publication of this article were defrayed in part 
by the payment of page charges. This article must therefore be hereby 
marked "advertisement? in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 
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pathway begins with the transfer of a dolichol-linked oligosac- 
charide precursor, usually Glc 3 Man 9 GlcNAc 2 , to Asn/XV 
SerCThr) on newly formed polypeptide chains (for review, see 
Kornfeld and Kornfeld (1985)). GlcgMan^GlcNAcj is then 
trimmed by two specific glucosidases which remove the glucose 
residues, and by several ER 1 and Golgi al,2-mannosidases that 
can cleave up to 4 mannose residues to yield Man 6 GlcNAc 2 . The 
action of al,2-mannosidases at this point in the pathway is an 
essential step in the maturation process, for the resulting 
MangGlcNAca can be modified by GlcNAc transferase I, the 
first glycosyltransferase leading to the synthesis of hybrid or 
complex oligosaccharides. Subsequently, Golgi a-mannosidase 
II can remove the terminal al,3- and al,6-linked mannose 
residues from GlcNAcManjGlcNAcj to form GlcNAcMan 3 - 
GlcNAc a . This oligosaccharide is then further modified by Golgi 
glycosyltransferases to generate the variety of AT-complex 
structures found on glycoproteins. 

Studies with inhibitors clearly demonstrate the essential 
role played by mannosidases in the maturation of AT-oligosac- 
charides (for review, see Elbein (1991)) and show that prevent- 
ing the activity of processing mannosidases may have impor- 
tant biological consequences. The al,2-mannosidase inhibitors, 
1-deoxymannojirimycin and kifunensine, which inhibit the 
synthesis of iV-complex oligosaccharides and cause the accumu- 
lation of oligomannose oligosaccharides, have been shown to 
interfere with the development of capillaries in vitro (Nguyen et 
at., 1992). The a-mannosidase II inhibitor, swainsonine, which 
causes the formation of hybrid structures instead of complex 
oligosaccharides, is able to reverse the transformed phenotype 
of NIH 3T3 cells in vitro (DeSantis et al., 1987), and to inhibit 
tumor cell metastasis in vivo (Dennis, 1986; Newton et a/., 
1989). Although little is known of the molecular genetics of 
human processing mannosidases, one form of the human he- 
reditary anemia, HEMPAS is caused by a deficiency in a-man- 
nosidase II expression (Fukuda, 1990). As a result, hybrid oli- 
gosaccharides are found on HEMPAS erythrocyte glycoproteins 
in place of the normal polylactosamine structures, an alteration 
that causes increased susceptibility to lysis. 

Biochemical studies indicate that several processing al,2- 
mannosidases exist in mammalian cells with different molecu- 
lar properties, specificities, and subcellular localization, but 
the number of distinct mannosidases and their respective role 
in the processing pathway is not known (for review, see More- 
men et aL ( 1994)). Cloning of mammalian al,2-mannosidases is 
therefore necessary to determine how many of these enzymes 
are involved, to establish their specific role in the maturation 
process and their intracellular localization, and to elucidate the 
genetic control of the early stages of JV-oligoBaccharide process- 
ing 

1 The abbreviations used are: ER, endoplasmic reticulum; PCR, poly- 
merase chain reaction; PBS, phosphate-buffered saline; bp, base pairis); 
kb, kilobase pair(s); ORF, open reading frame; MOPS, 4-morpholinepro- 
panesulfonic acid. 
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Table I 

Oligonucleotide primers used for PCR reactions 
Oligonucleotides were designed to amino acid sequences conserved between the yeast and rabbit mannosidases. Oligonucleotide 1 corresponds 
to the yeast amino acid residues 275-283, and oligonucleotide 2 to amino acid residues 528-523 (Camirand et al. t 1991). Amino acids are above the 
nucleotide sequences in one-letter code, with the sequence reversed for the antisense oligonucleotide. Nucleotide sequences are written 5' -» 3'. For 
degenerate codons either a mixture of nucleotides were used as indicated, or nucleotides containing inosine (I). The residues in italics represent 
additional nucleotides to generate restriction sites for subcloning (1, EcoHl and 2, Hindlll). 
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In contrast to mammalian cells, the trimming process is 
much simpler in the yeast, Saccharomyces cerevisiae. The early 
stages of jV-oligosaccharide biosynthesis, including glucose re- 
moval, are identical to those observed in mammalian cells, but 
there is only one processing al,2-mannosidase that removes a 
single mannose residue from the middle arm of the precursor 
oligosaccharide to form a single isomer of Man 8 GlcNAc 2 . The 
oligosaccharide precursor is then elongated by Golgi mannosyl- 
transferases to form the mature marmoproteins characteristic 
of S. cerevisiae (for review, see Herscovics and Orlean (1993)). 
The yeast specific a-mannosidase has been purified (Jeiinek- 
Kelly et al., 1985; Jelinek-Kelly and Herscovics, 1988; Ziegler 
and Trimble, 1991) and its gene (MNS1 ) has been isolated 
(Camirand et al., 1991). It encodes a type II membrane protein 
of 63 kDa containing a very short cytoplasmic region of 2-3 
amino acids, three N-glycosylation sites, a calcium-binding con- 
sensus sequence (Camirand et al., 1991), and a catalytic do- 
main facing the lumen of the endoplasmic reticulum (Grondin 
and Herscovics, 1992). In contrast to mammalian cells where 
preventing mannosidase activity interferes with the formation 
of complex oligosaccharides, disruption of the yeast processing 
mannosidase gene is of little consequence to the subsequent 
maturation of iV-oligosaccharides in S. cerevisiae (Puccia et al. , 
1993). 

Although in recent years, an increasing number of mamma- 
lian glycosyltransferase genes and cDNAs have been cloned 
and characterized (for reviews, see Schachter (1991), Shaper 
and Shaper (1992), and Joziasse (1992)), little is known of the 
molecular genetics of processing glycosidases. No processing 
glucosidase and only two full-length mannosidase cDNAs have 
been isolated from mammalian cells. The first is a rat liver 
cDNA encoding a cytosolic/ER a-mannosidase that can remove 
mannose residues from Man^GlcNAc (Shoup and Tbuster, 
1976; Bischoff and Kornfeld, 1983, 1986). The role of this 
cytosolic/ER enzyme in the processing pathway needs to be 
clarified since no hydrophobic region which could serve as 
transmembrane domain or signal sequence is found in the de- 
duced amino acid sequence (Bischoff et al. 9 1990). This absence 
is unusual for an enzyme expected to act on oligosaccharide 
processing on the lumenal side of the ER. In fact, this cDNA is 
homologous to the yeast vacuolar a-mannosidase, a membrane- 
bound enzyme acting in the lumen of the yeast vacuole, that 
gains access to this compartment by a signal sequence-inde- 
pendent mechanism (Yoshihisa and Anraku, 1990). The other 
processing mannosidase cDNA clone that has been reported 
encodes Golgi a-mannosidase II (Moremen and Robbins, 1991). 
The cDNA contains an unusually long 3 '-untranslated region 
and encodes a protein whose deduced amino acid sequence 
exhibits the type II membrane topology characteristic of Golgi 
glycosyltransferases. 



In the present work we show that the derived amino acid 
sequence of the yeast processing mannosidase (Camirand et al. , 
1991) exhibits significant similarity (37% identity, 58% simi- 
larity) to the rabbit liver Ca 2+ -dependent al,2-mannosidase 
partial cDNA briefly described by Moremen et al. (1990). This 
cDNA was isolated using amino acid sequence obtained from 
the rabbit liver al,2-mannosidase purified by Forsee et al. 
(1989). The yeast and rabbit a 1,2- mannosidases have no ap- 
parent similarity with the amino acid sequences of either Golgi 
a-mannosidase II (Moremen and Robbins, 1991) or the 
cytosolic/ER a-mannosidase (Bischoff et a/., 1990). Regions of 
identical amino acid sequences between the yeast and the rab- 
bit enzyme were chosen to design degenerate oligonucleotides 
for PCR on mouse liver cDNA as template. Using the resulting 
PCR products, we present evidence for the existence of two 
related mouse mannosidase genes, and report the isolation of a 
novel mouse mannosidase cDNA that exhibits tissue-specific 
expression. We also show, using epitope tagging, that this man- 
nosidase is localized to a juxtanuclear position corresponding to 
the Golgi following transient expression in COS cells. 

EXPERIMENTAL PROCEDURES 

Materials— Materials were obtained from the following sources: re- 
striction enzymes, New England Biolabs, Life Technologies Inc., or 
Pharmacia LKB Biotechnology Inc. (Baie DTJrfe, Quebec); the 
GenAmpDNA amplification reagent kit, Perkin Elmer Cetus; Seque- 
nase, U. S. Biochemical Corp.; T7 polymerase sequencing kit, Sepharose 
6B, IgG Sepharose 6FF, Pharmacia, LKB Biotechnology Inc.; the Cy- 
clone Biosystem M13 deletion kit, International Biotechnologies Inc.; 
the random primed DNA labeling kit, U. S. Biochemical Corp.; Zetap- 
robe membranes, Bio-Rad; Hybond-N nylon membrane, Amersham 
Corp. All other reagents were at least reagent grade. Synthetic oligo- 
nucleotides were prepared at the MIT Biopolymers Laboratory on an 
Applied Biosystems (Model 3S0B) DNA synthesizer, or at the Sheldon 
Biotechnology Centre, McGill University, on a Gene-Assembler Plus 
from Pharmacia according to the manufacturer's instructions. Plasmid 
preparations were obtained using columns obtained from Qiagen Inc. 
Bovine serum albumin (highest grade) was obtained from Boehringer- 
Mannheim (Laval, Quebec). All procedures were performed according to 
Sambrook et al. (1989) unless otherwise specified. 

Polymerase Chain Reaction Experiments — Degenerate oligonucleoti- 
des corresponding to two regions that were completely conserved be- 
tween the yeast (Camirand et al., 1991) and the rabbit (Moremen et at, 
1990) mannosidases were designed as shown in Table I. The sense 
oligonucleotide contained 2 deoxyinosine residues. First strand cDNA 
was synthesized from oligo(dT)-selected mouse liver RNA using murine 
leukemia virus reverse transcriptase and random primers, as described 
previously (Moremen, 1989). This cDNA served as a template in the 
polymerase chain reaction using the Perkin Elmer Cetus reagents in a 
final volume of 50 ul containing 50 mM Tris-HCl, pH 8.3, 50 mm KC1, 1.5 
mM MgCl?, 0.001% gelatin, 200 um of each dNTP, 1 um of each oligo- 
nucleotide primer, and 2.5 units of Taq polymerase, overlaid with 50 ul 
of mineral oil. 35 automated step cycles were conducted as follows: 1 
min at 92 °C, 1 min at 50 °C, and 3 min at 72 °C. The last cycle was 
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followed by a 3-min extension at 72 °C. Control PCR reactions were also 
done with rabbit liver cDNA and yeast genomic DNA as templates. The 
products were fractionated by electrophoresis in 1.6% agarose. A major 
amplification product of about 760 bp was obtained with all three tem- 
plates. The PCR product obtained from mouse liver cDNA was sub- 
cloned into Eco RI/HindlII-digested M13 mpl8 and M13 mpl9 for se- 
quencing of 10 random clones in each orientation. Two populations of 
sequences, named PCRj and PCR^ were obtained. 

Isolation ofcDNA Clones— A BALB/c 3T3 cDNA library primed with 
a mixture of oligo<dT) and random hexamers and packaged into a AZAP 
II vector (Stratagene, La Jolla, CA) was obtained from D. J. G. Rees 
(Massachusetts Institute of Technology) (Rees et al, 1990). The 672-bp 
PCRj product was random-labeled (specific activity, 2-4 x 10® cpm/ug of 
DNA) and used to screen 2.6 x 10* plaque forming units of the cDNA 
library spread on a lawn of XLl-Blue cells (35 x 150-mm Petri dishes). 
Plaque lifts were carried out in duplicate using Hybond-N nylon mem- 
branes, followed by prehybridization and hybridization with labeled 
PCFtj (6-8 x 10 6 cpm/ml) as probe, as previously described (Moremen 
and Robbins, 1991). Positive clones were purified by three additional 
rounds of screening as described above. Excision of the pBluescript 
plasmid containing the cloned cDNA from AZAP II was done by co- 
infection with M13 K07 helper phage, according to the manufacturer's 
instructions, except that the XLl-Blue cells were grown in LB. 

DNA Sequencing — Sequencing was done moBtly in M13 by the 
"dideoxy* chain termination method (Sanger et al, 1977) using Seque- 
naBe version 2.0, as described by the manufacturer. Regions of compres- 
sion were resequenced using 7-deaza-dGTP or dITP. Successive dele- 
tions were done in M13 using T4 polymerase (Cyclone Biosystem M13 
deletion kit, IBI, New Haven, CT). In some cases, confirmation on the 
opposite strand was obtained using synthetic oligonucleotides for se- 
quencing of Bluescript clones. Sequence assembly was done using the 
SeqMan program of DNASTAR (Madison, WI). 

Southern Blot Analysis — Mouse genomic DNA was digested over- 
night at 37 °C with restriction enzymes and fractionated by electro- 
phoresis in a 1.2% agarose gel. The gels were treated successively with 
0.25 m HC1 for 15 min, with 0.5 m NaOH, 1.5 m NaCl for 30 min, and with 
0.5 m Tris-HCl, pH 8, 1.5 m NaCl for 30 min, rinsing with water between 
solutions. The gel was equilibrated in 10 x SSC and transferred to 
Hybond-N in 10 x SSC for 1 h using a pressure blotter (Posiblot, Strata 
agene). Following transfer, the DNA was cross-linked to the membranes 
by exposure to UV light (Stratalinker, Stratagene). Prehybridization 
was performed for 1 h at 65 °C in a solution containing 5 x SSC, 5 x 
Denhardt's, 0.2% SDS, and heat-denatured salmon sperm DNA. Hy- 
bridization was done overnight at 65 °C in a solution containing 5 x 
SSC, 10 x Denhardt's, 0.4% SDS, 10 nut EDTA and either random- 
labeled PCR; or PCRj (2 x 10 e cpm/ml, specific activity, 2-4 x 10 9 cpm/ug 
of DNA). The filters were washed twice for 15 min at room temperature, 
and twice for 15 min at 65 °C in 2 x SSC, 0.2% SDS. 

Northern Blot Analysis— Total UNA from different adult BALB/C 
mouse tissues and from L cells (the TK" APRT" line also known as LTA 
cells) was isolated using guanidinium thiocyanate extraction followed 
by centrifugation through a CsCl cushion essentially as described by 
Chirgwin et al. (1979). Poly(A*) mRNA was isolated using the PolyAT- 
tract mRNA MagneSphere system III from Promega according to the 
manufacturer's instructions. 

The poly(A*) RNA was denatured at 65 °C in 30% formamide, 10% 
formaldehyde in 10 mM MOPS buffer, pH 7, and fractionated by elec- 
trophoresis in 1% agarose/formaldehyde gels overnight at 40 V, followed 
by transfer to Hybond-N for 2 h on a vacuum blotter (VacuGene, Phar- 
macia). The RNA was cross-linked to the membrane using UV light 
(Stratalinker). Prehybridization was done for 1 h at 65 °C in 0.5 m 
Na 2 P0 4 buffer, pH 7, containing 1 mM EDTA, 7% SDS, 10 mg/ml bovine 
serum albumin, 100 ug/ml denatured herring sperm DNA. Hybridiza- 
tion was performed overnight at 65 °C in the same solution without 
herring sperm DNA, and containing random-labeled cDNA probe de- 
rived from the ORF of clone 4 (3 x 10 6 cpm/ml, specific activity 1 x 10 9 
cpm/ml). The blots were washed as previously described (Moremen and 
Robbins, 1991). An RNA ladder (life Technologies Inc., Burlington, 
Ontario) was used as standards. The probe for glyceraldehyde-3-phos- 
phate dehydrogenase, a "housekeeping" gene, was used to monitor the 
quantity of RNA. 

Subcloning in Expression Vectors — For intracellular expression in 
COS celU using pXM-139 (Yang et al, 1986) the entire coding region 
was isolated using PCR with the sense 5' -oligonucleotide CATCTCGAG 
CCACC ATG ACT ACC CCA GCG containing an Xhol site and a Kozak 
consensus sequence upstream from the initiation codon, and the 3' 
antisense oligonucleotide CCG CTCGAG TCA TCG GAC AGC AGG ATT 
ACC containing an Xhol site downstream from the stop codon. Addi- 



tional constructs were prepared appending the sequences correspond- 
ing to the influenza HA epitope, YPYDVPDYAS, onto the 3' end of the 
ORF for epitope tagging (Field et al, 1988; Kolodziej and Young, 1989). 
Clone 4 and a reconstituted clone 4/16 in which the BamHl-Notl 3' 
fragment of clone 16 was ligated to the 5' Notl-BamHl of clone 4 were 
used as template (100 ng) for PCR (20 cycles with Taq polymerase: 1 
min at 94 e C, 1 min at 44 °C, 5 rain at 72 °C). The constructs were 
sequenced. 

For expression of the mannosidase cDNA as a secreted Protein A 
fusion protein, the pPROTA plasmid containing the IgG binding domain 
of Staphylococcus aureus Protein A fused to the transin signal peptide 
(Sanchez-Lopez et al t 1988) was used essentially as described previ- 
ously for expression of glycosyltransferases (Larsen et al t 1989; 
Kukowska-Latallo et al, 1990). The vector was first modified by inser- 
tion of a Kpnl adaptor in its unique EcoTU. site to yield plasmid pPak. 
The C-terminal region of clone 4/16 was isolated using PCR with the 
sense 5' oligonucleotide C GTG GTA CCG CGT CTG AG A AAT AAG 
ATT AG containing a Kpnl site before nucleotide 904 of the cDNA 
(corresponding to amino acid 106) and the 3' antisense oligonucleotide 
GCA GGTACC TCA TCG GAC AGC AGG ATT ACC containing a Kpnl 
site downstream from the stop codon. PCR was performed with Taq 
polymerase (25 cycles of 1 min at 94 °C, 1 min at 37 °C, 4 min at 72 °C). 
The resulting PCR product was cut with Kpnl and subcloned into pPak 
to produce plasmid pPakman 416/106. 

Transfection of COS Cells for Immunofluorescence — COS 7 cells were 
maintained in Dulbecco's modified Eagle's medium containing 10% fetal 
calf serum, 1% glutamine, 1% penicillin/streptomycin. The day before 
transfection, the cells were trypsinized and seeded onto four-chamber 
glass slides (Nunc, Naperville, II). Cells at 50-70% confluency were 
transfected by the DEAE-dextran plus chloroquine method (Ausubel et 
al, 1989) with 1 ug/chamber of mannosidase cDNA in pXM-139. Ex- 
pression was allowed to proceed for 20-64 h before the cells were pro- 
cessed for immunofluorescence, essentially as described (Lejbkowicz et 
al. , 1992). Cells were washed twice in PBS, fixed for 30 min at room 
temperature in 4% formaldehyde in PBS, permeabilized for 30 min at 
room temperature in 0.2% Tween 20, 4% formaldehyde, PBS. After 
washing with 0.2% Tween 20, PBS, nonspecific sites were blocked by 
incubation for 60 min at room temperature in fetal calf serum supple- 
mented with 10% goat serum, 6% skim milk, 3% bovine serum albumin, 
0.2% Tween 20, 0.02% NaN 3 . After washing with 0.2% Tween 20, PBS, 
the cells were incubated overnight at 4 °C with a 1:1000 dilution of 
mouse ascites fluid containing 12CA5 monoclonal antibody directed 
against the influenza HA epitope. The cells were washed five times with 
0.2% Tween 20, PBS, and then incubated for 1 h at room temperature 
in the dark with a 1:100 dilution of tetramethyl rhodamine isothiocya- 
nate-conjugated goat anti-mouse IgG (H+L) (Jackson Immunoresearch, 
West Grove, PA). Following seven washes in 0.2% Tween 20, PBS, slides 
were mounted in 30% glycerol, 0.02% NaN 3 , PBS, sealed with nail 
polish, and kept in the dark. Cells were viewed with a Zeiss IM35 
inverted microsocope with epifluorescence. Photographs were taken on 
Kodak Tmax 400 film with an MC 100 camera at either 100 or 400 x 
magnification. 

Transfection of COS Cells for Secretion of Fusion Protein— Plasmids 
ppakman416/106 and pPak were separately transfected into COS 7 
cells maintained in 100-mm dishes containing 10 ml of the supple- 
mented Dulbecco's modified Eagle's medium, as described above using 
the DEAE-dextran plus chloroquine method with 6 ug of expression 
vector per plate. The medium was harvested 64 h after transfection, a 
mixture of protease inhibitors (2 ug/ml each of pepstatin A, leupeptin, 
and chymostatin) was added followed by centrifugation at 2000 x g for 
10 min. The medium from each dish was concentrated 100-fold using 
Centri-cell 20 ultrafilters with 30,000 M t cut-off (Polysciences Inc., War- 
rington, PA), The resulting concentrate was diluted 10-fold with PBS 
and first preadsorbed by mixing with 250 ul of Sepharose 6B (60% 
slurry in PBS) for 2 h at 4 °C. The Sepharose 6B beads were discarded 
following centrifugation and the supernatant was then adsorbed by 
mixing with 200 ul of IgG Sepharose 6FF (50% slurry in PBS) overnight 
at 4 °C. The beads were collected and washed three times with 10 
volumes of buffer (50 mM Iris, pH 7.6, containing 150 mM NaCl and 
0.05% Tween 20) and three times with 50 mM potassium phosphate 
buffer, pH 6.0, containing 1 mM CaCl 2 . For assay of a-mannosidase 
activity, 40 ul of the beads (50% slurry in the same phosphate buffer) 
was incubated with 7.5 ul of uniformly labeled [ 3 HlMan fl GlcNAc (8200 
cpm) prepared as described previously (Jelinek-Kelly et al , 1985) and 
56 ug of bovine serum albumin for 4.5 h at 37 °C. The amount of 
[ s Hlmannose released was measured in the supernatant following pre- 
cipitation with concanavalin A, as described previously (Herscovics and 
Jelinek-Kelly, 1987), 
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PCR 1 PCR 2 

Fk;. 1. Southern blot of mouse genomic DNA. Duplicate samples 
of mouse genomic DNA digested with: 7, fe'coRI; 2, Pstl, 3, BamWY. 4, 
Xho\\ 5, HindUl, 6\ BglU were probed with random labeled PGR, or 
PClij, as indicated. 

RESULTS 

Sequence Similarity bat ween Yeast and Rabbit Manno- 
sidases—Thc deduced amino acid sequence of the MNSl gene 
(accession number, M 63598) encoding the yeast processing 
o-mannosidase that removes a single specific mannose residue 
from Man^GlcNAc (Camirand el ai, 1991) was found to be 
similar to that of a partial cDNA encoding an or.l,2-mannosi- 
dase pun fied from rabbit liver (Forsee el aL s 1989; Moremen el 
at, 1990, accession number V04301). The deduced amino acid 
sequences of these two enzymes exhibited 37% identity and 
58% similarity when analyzed with the Bestfit (version 7) se- 
quence analysis program from the University of Wisconsin Ge- 
netics Computer Group. Four regions of 7-10 amino acids (ami- 
no acids 139-145, 274-283, 501-509, and 523-528 of the yeast 
mannosidase, see Camirand et al. (1991)) are identical in the 
yeast and rabbit mannosidases. Two of these conserved peptide 
sequences were used to design degenerate oligonucleotides as 
primers (Table I) for PCR on templates of rabbit liver cDNA, 
mouse liver cDNA, and the rabbit mannosidase cDNA clone as 
control. In all cases a product of about 760 bp was obtained, 
corresponding to the size expected for amplification between 
the two primers. Restriction analysis, however, suggested that 
the PCR product obtained using mouse liver cDNA as template 
might be heterogeneous. The mouse liver PCR product was 
therefore subcloned into M13 in both orientations and random 
clones were sequenced. Two PGR populations with different 
sequences were obtained: the deduced amino acid sequence of 
PCR, was 88% identical with the corresponding region in the 
rabbit mannosidase cDNA clone and 98% identical with that of 
a mannosidase cDNA clone isolated from a 3T3 cDNA library 
using the rabbit mannosidase cDNA as a probe. 2 On the other 
hand, the amino acid sequence of PCR 2 exhibited only 65 and 
72% amino acid sequence identity with the rabbit and its cor- 
responding 3T3 mannosidase cDNA, respectively. Both PCR } 
and PCR 2 contained a third conserved region corresponding to 
amino acids 501-509 of the yeast mannosidase sequence. 

Southern Blot Analysis — Since the isolation of two distinct 
PCR products suggested that there may be two different mouse 
mannosidase genes, Southern blots of mouse genomic DNA 
hybridized with labeled PCR, and PCIi> were compared (Fig. 1). 
It is evident that the pattern of labeled restriction fragments 
obtained with these two probes is quite different, thereby dem- 
onstrating the existence of two distinct mannosidase genes. 

Isolation of cDNA Clones Encoding Murine Mannosidase — 
Labeled PCR 2 was used as a probe to screen a 3T3 cDNA li- 
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Pro. 2. Restriction map of isolated cDNA clones. The relation- 
ship between the four clones isolated from the 3T3 cDNA library and 
PCR; is shown. Shaded areas correspond to regions in the ORE The 
asterisks indicate single base differences between clone 4 iC> and the 
oilier clones (T). These code for Thr, Leu, Ser in clone 4, compared to 
Met. Phe, Phc in the other clones, from 5' to 3'. Restriction sites are: 
BIIJistEU; N t Netfh /*/, #«m,HI; E, EeoKh /\ Pall, A, Acel. 

brary. Four independent clones were obtained from approxi- 
mately 2.6 x 10* recombinants: clone 4 (2.6 kb), clone 16 (2.2 
kb), clone 28 (1.5 kb), and clone 31 (0.5 kb). These clones were 
excised from the \ZAP II vector, and subcloned into MIS for 
sequencing. Clones 4 and 16 were sequenced completely on 
both strands, and were shown to Overlap, as indicated in Fig. 2. 
The overlapping regions have identical nucleotide sequences 
except for positions 1232, 1402, and 1775 of the ORF which are 
C in clone 4 and T in clone 16, causing changes in amino acids 
from Thr to Met, Leu to Phc, Ser to Phe, in these positions, 
respectively. The combined sequences of clones 4 and 16 consist 
of 3.2 kb (Fig. 3) and contain an ORF of 1926 bp Hanked by a 
long 5 '-untranslated region of 589 bp, and a 3'-untranslated 
region of about 700 bp. Since no poly(A) tract or consensus 
polyadenylation signal is found, the combined clones 4 and 16 
are still missing some 3 '-untranslated region to correspond to 
the shortest transcript of 4.2 kb observed on Northern blots (see 
later in Fig. 6). 

The putative a-mannosidase ORF corresponding to the PCB^ 
probe encodes a protein of 641 amino acids (M r 72,938). The 
methionine codon in position 1 is in a favorable context for 
initiation of translation since it is surrounded by an A at posi- 
tions -3 and +4 (Kozak, 1989). There is an upstream termina- 
tion codon in frame with the putative initiation codon and 
separated from it by three bases. The 5 '-untranslated region is 
long (589 bp) and G/C rich, predicting considerable secondary 
structure. A major hydrophobic region between amino acids 37 
and 58, close to the N terminus, is a putative transmembrane 
domain, suggesting that this mannosidase is a type II mem- 
brane protein, with a cytoplasmic domain of about 35 amino 
acids. The immediate N- terminal sequence next to the hydro- 
phobic region has a net positive charge compared to the imme- 
diate C- terminal region, in accordance with the predicted to- 
pology (von Heijne and Gavel, Y., 1988; Hartman et at 1989). 
There is a single potential /v*-glycosylation site close to the G 
terminus, and a putative 12 amino acid On 2 * binding consensus 
sequence at positions 255-266 (Marsden et al. 1990). 

The deduced amino acid sequence of the C-terminal region 
(from amino acid 161) of the mouse a-mannosidase cDNA cor- 
responding to PCR, exhibits 37% identity and 60% similarity 
with the yeast processing o-mannosidase (from amino acid 22) 
(Fig. 4). In this region of similarity 3 cysteine residues (amino 
acids 462, 494, and 565 of the mouse sequence) are conserved in 
both proteins, as well as the 12-residue calcium binding con- 
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CCGCCGCTCTAGTGTTCGGGA<XCCGTCGCC<TIX^ - 4 8 0 

AGAACCCACCTTCXTAGCTTCTCTGCGGTtjTGGCT - 24 0 

ACAGAAACCAACGATCGCTTC^AGGTCACCCGGGCTTCTGGATCTAA - 120 

ATGACTACCCCACCGCTGCTGCCCCTCTCTGGTCGTA^ATACCACC^ 120 

MTTPALLPLSGRRIPPLNLCPPSFPHHRATLRLSEK » I L h 40 

CTCATCCTTAGTGCCTTCATCAC<XTGTGTTTTGGGGCArrc 240 

LILgAFITIiCrOAFrrLP dsskhkrfdlgledvliphvda to 

GGCAAAGGAGCTAAAAACCCCGGOJTCTTCCTGATCCATGGACCCGACG 360 

GXGAKNPGVFL I HGPDEHRHREEEERLRNK I RAOH EKALE 120 

GAAGCAAAAGAAAAATTAAGAAAGTCAAGAGA<MAAATCCGTGCAGAAATTCAGACAG 480 

EAKEKLRKSREE irae iqteknkvaqamktketrv LPPVP 140 

GTCCCACAACGTGTAGGGGTCAGTGGTGGGGATCCAGAAGACATGGAGATCAAG 600 

VPQRVGVSGGDPEDMEIKKKRDKIKEMMKHAWDNYRTYGW 300 

GGACATAATGAACTAAGGCCTATTGCAAGGAAAGGCCATTCCACTAACATATTCGGAAGCTCAC 720 

GHNELRPIARKGHSTNIPGSSQMGATIVDALDTLY IMGLH 340 

G ATGAATTC ATGG ATGGGC AAAG ATGG ATTG AAG AAAAC CTTG ATTTC AGTG TG AATTC AG AAGTG TC TGTCTTTG AAGTT AAC ATTCGCTTTATTGG AGGGCTC CTCGCTG C ATATTAC 640 

DEFMDGQRWIEENL DPSVNSEVSVFE VNI RF IGGLLAAYY 200 

CTGTCAGGAGAGGAAATATTCAAGACTAAAGCAGTGCAGTTGGCTGAGAAACTCCTTC 9 60 

LSGEE IFKTKAVQLAEKLLPAFNTPTG IPWAMVN LKSGVG 330 

CGAAACTGGGCCTGGGCGTCTCCAGGC AGCAGCATCCTGGCTGA^ 1080 

RNWGWASAGSSILAEFGTLHMEFVHLSYLTGDLTYYNKVM 360 

CACATTCGGAAACrTACTGCAGAAAATGGAACGCrcAAATGGTCTTTATC 1200 

H IRKLLQKMERPNGLYPNYLNPRTGRWGQYHTSVGGLGDS 400 

TTTTATGAATACTTACTGAAAGCATGGCTCAYGTCAGATAAAACAGACCACGAGGCAAGAAGGATGTATG 1320 

FYEYLLKAWLXSDKTDHEARRMYDDAVEAIEKHL 1 KKSRG 440 

GGTCTGGTTTTTATTGGAGAATGGAAGAATGGACACTTGGAAAGG 1440 

GLVFIGEWXNGKLERKHGHLACFAGGHXALGADGSRKDKA 430 

GGCCACTACTTAGAACTAGGGGCAGAAATTGCACGAACATGTCATGAGTCATATGACAGAACTGC ATTGAAACTAGGTCOWAGTCATTCAAGTTTGATGGTGCAGTGGA^CCGTGGCT 1560 

OHYLELGAE I ARTCHESYDRTALKLGPESFKFDGAVEAVA 530 

GTGCGGCAGGCTCAAAAGTATTACATCCTTCGTC^AGAAGTAATTCA^ 1680 

VRQAEKYYILRPEVIETYWYLWRFTHDPRYRQWGWEAALA 5«0 

ATTCAGAAGTCGTCCCGGGTCAGCGGTGGGTTTTCTGGTG 1800 

IEKSCRVSGGFSGVKDVYAPTPVHDDVQQSFXLAETLKYL 600 

TACCTGCTGTTCTCTGGCGATGACCTTCTACCTTTAGACCACTGGGTG 1920 

YLLFSGDDLLPLDHWVFNTEAHPLPVLRLANSTLSGNPAV 640 

• ▲ 

CGATGAGCACAGCCCCAGAAGGACCATTCTTACCTGTGTTTTGTTTACATGGACCACTACAGAGACTC 2040 
R * 

GGATGAAACTCTTCCCTGCAAGACTTTTCACTTGTACATATATCAACTTTG 2 1 60 

GATTCTTACTGAGATGGCCACATCAGAJ^CAATCTTCTTATTC 2280 

GTTTTCTCCCACAGTGGAGCAGCTCTCAAATCAAATATAACACATTGTGTAGCCCCTTTCCT 2400 

GTAGCAAGAAGACTPGGGAAAGAAACAAACAGATACTGGCCCTGTCTGAATTTTCCAGCTCCTC 2520 

GTTTAGATTGAGCTTTTCTCTGAGGGGCATGATCTCATGAAGAAT^ 2640 
TGGGAGTGTGCATGTA 

Fig. 3. Nucleotide and deduced amino acid sequence of mouse mannosidase cDNA. The nucleotide sequence of the combined clone 4 and 
clone 16 cDNAs is shown. On the right the numbers in normal type refer to the nucleotides with position 1 corresponding to the initiation codon 
while those in bold refer to numbering of the amino acids indicated by the single letter code under the nucleotide sequence. Single base differences 
between clone 4 and clone 16 are indicated by Y at positions 1232, 1402, and 1775 which are C in clone 4 and T in clone 16 giving the following 
amino acid differences indicated by Xat positions 411, Thr or Met, 468, Leu or Phe, 592, Ser to Phe, for clones 4 and 16, respectively. The underlined 
sequence in bold is the hydrophobic region corresponding to the putative transmembrane domain. The underlined sequence in plain type is the 
12-amino acid consensus Ca 2 *-binding sequence. represents the single potential Af-glycoaylation site. 



sensus sequence. The sequons for AT-glycosylation, however, are 
not conserved. The N-terminal regions of the yeast and mouse 
mannoaidases are very different. The mouse protein has a cy- 
toplasmic region of about 35 amino acids and about 100 amino 
acids between its putative transmembrane domain and the 
region of homology that are not present in the yeast mannosi- 
dase. On the other hand, the deduced amino acid sequences of 
the two mouse mannoaidases corresponding to PCR^ and PCRj, 
exhibit 64% identity and 77% similarity with each other 
throughout their whole sequence, as determined by the Bestfit 
program. The dot plot comparing the two mouse amino acid 
sequences is shown in Fig. 5. 

Expression of Mannosidase in Mouse Tissues — Northern 
blots of mouse tissues show a complex pattern of expression 
following hybridization with the coding region of clone 4 under 
stringent conditions. Several transcripts ranging in size from 
about 4.2 to 8.7 kb were observed, with tissue-specific patterns 



in their relative expression (Fig. 6). The highest level of expres- 
sion was observed in L cells, followed by colon, ovary, thymus, 
and brain; lower levels were observed in kidney, uterus, liver, 
and lung. In most cases the major transcripts were 4.2, 5.1, 6.4, 
and 8,7 kb, with the notable exception of brain in which the 
major transcript was 8.7 kb, and ovary which also had a high 
level of expression of the 5.6 kb transcript. A Northern blot of L 
cells showed a similar pattern of transcripts using the 3 '-un- 
translated region, 5 '-untranslated region, PCR^, or the entire 
coding region as probes (data not shown). 

Expression of Mannosidase in COS Cells— Transient expres- 
sion of the epitope-tagged mannosidase cDNA in COS cells 
followed by indirect immunofluorescence using monoclonal an- 
tibody 12CA5 to the influenza hemagglutinin epitope showed 
strong immunofluorescence in a juxtanuclear position in a ma- 
jority of positive cells (Fig. 7) 24-64 h after transfection. In 
some cells there was also a fine reticular pattern of iramuno* 
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Fig. 4. Alignment of mouse mannosidase corresponding to 
probe PCRa and yeast processing mannosidase protein se- 
quences. The Best fit (Version 7} sequence analysis program from the 
University of Wisconsin Genetics Computer Group was used for the 
alignment (gap weight - 3,0, gap length weight ■ 0,1), except that the 
putative transmembrane domains of the two proteins {underlined) were 
lined up. The mouse mannosidase amino acid sequence is on top and t he 
yeast processing mannosidase is on the bottom. Bars indicate amino 
acid identities, double dots indicate conservative amino acid substitu- 
tions, and single dots indicate similar amino acid substitutions. con- 
served cysteine residues; rectangles surround regions conserved be- 
tween species, the solid, one being the C a** -binding consensus sequence. 
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Firi. 5. DOTPLOT analysis. The mouse «- mannosidase correspond- 
ing to prohe PCRg was compared to the mouse «• mannosidase corre- 
sponding to probe PGR, (Lai ei a!.. Footnote 2; accession number 
V04299) Comparisons were made with the DOTPLOT program from the 
University of Wisconsin Genetics Computer Group, Version 7, using a 
window of 30 and a stringency of 15. 

fluorescence corresponding to the EK, indicating an accumula- 
tion of the mannosidase in the ER most likely due to overex- 
pression. There was no apparent difference in the 
immunofluorescence pattern observed with clone 4 or a recon- 




G3PDH 



Fio. 6. Northern blot of mouse tissues and L cells. PolyCA*) RNA 
(10 pg> from mouse tissues and L cells were probed with random labeled 
coding region of clone 4. L cells showed a similar pattern of transcripts 
using random labeled PCFL^ 5 '-untranslated region (nucleotides -558 to 
-226), or 3'-un translated region i nucleotides 1995 to 2656) as probe (see 
Fig. Ii). Exposure for rod inautography to Kodak X-AK5 film was 2 days, 
except; for the RNA from L cells in the last lane which was re*exposed 
overnight. 03PUH. the blot was probed with gjyceraldehyde-3- phos- 
phate dehydrogenase cDNA. 






Fin. 7. ix>ca ligation of mannosidase. Epitope- tagged mouse man- 
nosidase cDNA was localized in COS 7 cells by immunofluorescence 
using monoclonal antibody 12CA5 to the influenza hemagglutinin 
epitope, as described under "Experimental Procedures." The top panel 
shows immunofluorescence {left) and phase-contrast of the same cell 
{right) $A h post-transfection and the bottom panel shows immunofluo- 
rescence of a cell 42 h post-transfection. The bars indicate 3 pm. 

stituted clone 4/X6. 

To establish that the isolated cDNA encodes a catatyttcaHy 
active mannosidase v the G- terminal region of clone 4/16 lacking 
the putative transmembrane domain was expressed in COS 
cells as a secreted fusion protein with the IgG binding domain 
of S. aureus Protein A in the mammalian expression vector 
pPROTA (Sanchez- Lopez et ai, 1988) essentially as described 
previously for the expression of glycosy I transferases t Larson et 
al., 19S9; Kukowska-Latalb et aL, 1990 )> The medium of cells 
trans fee ted with either the control vector pPak, or the vector 
encoding the fusion protein pPakrnan 416/106 was treated with 
IgG-Sepharose, and the or-mannosidase activity of the beads 
was assayed directly using uniformly labeled I^HjMangGlcNAc 
(8200 cpm) as substrate, as described previously (Herscovics 
and Jelinek'KeUy, 1987). In separate transfections. no signifi- 
cant release of pHJMan was observed in the samples obtained 
from cells transfected with the control vector compared to about 
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420, 485, and 570 cpm of [ 3 H]Man released from three different 
samples obtained from cells transfected with the vector encod- 
ing the fusion protein. These results indicate that the soluble 
form of clone 4/16 encodes an enzymatically active a-mannosi- 
dase. Additional work will be necessary to establish the speci- 
ficity of this enzyme. 

DISCUSSION 

This report is the first demonstration of the existence of a 
mannosidase gene family conserved through eukaryotic evolu- 
tion. The similarity observed between the amino acid sequence 
of the processing a-mannosidase from S. cerevisiae and the 
rabbit liver Ca 2+ -dependent a-mannosidase allowed us to de- 
sign degenerate oligonucleotide primers for PCR which are use- 
ful to isolate members of this gene family from different spe- 
cies. Using these degenerate primers for PCR with mouse liver 
cDNA as template, two distinct but related PCR products 
(PCRj and PCR^ were obtained. Southern blot analysis of 
mouse genomic DNA using PCR l and PCRj as probes revealed 
that the mouse genome contains at least two members of the 
mannosidase gene family. 

A novel mouse mannosidase cDNA was isolated using PCRj 
as a probe. It encodes a type II membrane protein of 73 kDa 
which localizes to the Golgi following transient expression in 
COS cells. Its derived amino acid sequence is very similar to 
that of the mouse mannosidase cDNA corresponding to PCR^ 
that was isolated using the rabbit liver cDNA clone as a probe 
(Moremen et aL, 1990). The two mouse enzymes are highly 
similar in sequence (64% identity, 77% similarity), size, and 
topology. They both have a Ca 2+ binding consensus sequence. 
The N-terminal region of the mouse mannosidases is com- 
pletely different from that of the yeast mannosidase. The yeast 
protein has a different transmembrane region and lacks a sig- 
nificant cytoplasmic region as well as the region of about 100 
amino acids immediately following the transmembrane do- 
main. It will be of interest to determine whether the differences 
in the N-terminal region of the mouse and yeast enzymes are 
related to different subcellular localization or to differences in 
enzyme specificity. It has been demonstrated that the trans- 
membrane domain is essential for targeting of glycosyltrans- 
ferases to the Golgi (for review, see Shaper and Shaper (1992)). 
The yeast processing mannosidase, unlike the two mouse man- 
nosidases, is thought to be located in the ER or in an interme- 
diate pre-Golgi compartment, since the secl8 mutant, which is 
blocked in ER to Golgi transport, is capable of trimming N- 
oligosaccharides to Man 8 GlcNAc 2 at the nonpermissive tem- 
perature (Esmon et aL, 1984). 

The complex pattern and tissue-specific expression of the 
mouse mannosidase observed upon Northern blot analysis may 
be due to a combination of different factors including alternate 
splicing, the use of different polyadenylation sites, and of al- 
ternate tissue-specific promoters. In some tissues, there is an 
inverse relationship between the expression of the two manno- 
sidase genes. For example, liver which expresses the highest 
level of mRNA hybridizing with PCR,, has a low level of ex- 
pression with PCR 2 , whereas L cells which express high levels 
of PCRj have no detectable PCRj transcripts. Recent studies on 
the regulation of expression of the pi, 4-galactosyl transferase 
gene which specifies two different transcripts indicate that 
these arise from differential initiation from alternate promot- 
ers in a tissue-specific manner (Harduin-Lepers et aL, 1993). 
Studies on the organization of the mannosidase gene will be 
required to understand its transcriptional regulation. 

It is difficult to determine whether the cDNA described in the 
present work encodes any of the processing cel,2-mannosidases 
that have been characterized previously. The first of these en- 
zymes to be characterized was Golgi a-mannosidase I (Tabas 



and Kornfeld, 1979; Tulsiani et a/., 1982). It was purified from 
rat liver and further resolved into two components termed 
Golgi a-mannosidase LA and IB based on differences in their 
elution upon ion-exchange chromatography (Tulsiani et aL, 
1982; THilsiani and Tbuster, 1988). The two enzymes have simi- 
lar, but not completely identical substrate specificities. a-Man- 
nosidase IA was purified to homogeneity and shown to have a 
subunit molecular mass of 57 kDa, but it is not known whether 
this subunit represents the complete gene product since mem- 
brane-bound glycosidases and glycosyltransferases are usually 
purified as proteolytically released soluble proteins lacking 
their N-terminal region. Antibodies to a-mannosidase IA were 
shown to cross-react with a-mannosidase IB, and EM immu- 
nolocalization studies with these antibodies showed that 
a-mannosidase IA was present in medial Golgi in NRK and 
Chinese hamster ovary cells, medial and trans-Go\g\ in rat 
pancreatic acinar cells and enterocytes, and across the entire 
Golgi stack in rat hepatocytes (Velasco et aL, 1993). These 
results show that a-mannosidase IA distribution varies from 
one cell type to another and is less compartmentalized than 
previously assumed. No effect of exogenous Ca 2+ on rat liver 
Golgi mannosidase I was reported, but the effect of Ca 2+ was 
not tested in the presence of EDTA. The possibility that Ca 2+ is 
required for enzyme activity cannot be ruled out since the re- 
quirement of the yeast mannosidase for Ca 2 * could only be 
demonstrated following inhibition with EDTA (Jelinek-Kelly 
and Herscovics, 1988). From these studies, it is therefore not 
possible to determine whether the cDNA isolated in the present 
work encodes the previously described Golgi a-mannosidase 
1MB. 

Calcium-dependent al,2-mannosidases have been purified 
from rabbit (Forsee and Schutzbach, 1981; Forsee et aL, 1989), 
calf (Schweden et aL, 1986), and pig (Schweden and Bause, 
1989; Bause et al. y 1992) liver. Although differences in specific- 
ity of these mannosidases were reported, they all remove al,2- 
linked mannose residues from oligosaccharide and glycoprotein 
substrates. The most recent study indicates that the differ- 
ences were due to the use of different substrates and that the 
rabbit and pig liver enzymes are immunologically related 
(Bause et aL, 1992). The pig liver enzyme, however, was local- 
ized to the endoplasmic reticulum and not to the Golgi of pig 
hepatocytes by immunoelectron microscopy (Roth et a/., 1990). 
If the cDNAs corresponding to PCR, and PCRg encode enzymes 
related to the pig and calf liver enzymes, there must be consid- 
erable cell type or species-dependent variation in subcellular 
localization of mannosidases since transient expression of the 
cDNA corresponding to PCRj shows a Golgi localization. 

Calcium-independent a-mannosidases al,2/l,3/l,6-mannosi- 
dases have been isolated from different tissues (Shoup and 
Tbuster, 1976; Bischoffand Kornfeld, 1983, 1986; Tulsiani and 
Tbuster, 1985; Bonay and Hughes, 1991), but these are clearly 
different from the protein encoded by the cDNA reported in the 
present work since their subunit molecular size is much larger 
(107-110 kDa). In some cells, an endomannosidase capable of 
cleaving glucose containing oligosaccharides is also present in 
the Golgi (Lubas and Spiro, 1987), but this enzyme has not yet 
been purified. It is evident therefore that additional work will 
be necessary to determine the role of the cloned mannosidases 
in the processing pathway and to establish their relationship 
with the previously described Golgi and Ca 2+ -dependent man- 
nosidases. 

Acknowledgments — One of us (A. H.) thanks Dr. P. W. Robbins for 
hospitality and valuable suggestions while on Babbaticat leave in his 
laboratory, partly supported by a "Bourse de perfectionnement en bio- 
technologie" from the Fonds de la Recherche en Santo" du Quebec and by 
National Institutes of Health Grants GM31318 (to P. W. R.) and GM 
47533 (to K. W. M.). We thank Barry Sleno and Izabella Lejbkowicz for 



Mouse Golgi Mannosidase cDNA 



9871 



excellent technical assistance, Dr. Nicole Beauchemin for stimulating 
discussions, and Drs. Brent Weston and John Lowe for providing the 
vector pPROTA. 

REFERENCES 

Ausubel, F. M., Brant, R, KingBton, R. E., Moore, D. D.. Seidman, J. G., Smith, J. 
A., and Kruhl, K. (1989) Current Protocols in Molecular Biology, John Wiley and 
Sons, New York 

Bauae, E., Breuer, W., Schweden, J., Roeser, R., and Geyer, R (1992) Eur. J. 

Biochem. 208, 461-457 
Bischoff, J., and Kornfeld, R (1983) J. Biol. Chem. 268, 7907-7910 
Bischoff, J., and Kornfeld, R (1986) J. Biol. Chem. 261, 4756-4767 
Bischoff, J., Moremen. K., and Lodieh, H. F. (1990) J. Biol Chem. 266, 17110- 

17117 

Bonay. P., and Hughes, R C. (1991) Eur. J. Biochem. 197, 229-238 
Camirand, A, Heysen, A, Grondin, B., and Herscovics, A. (1991) J. Biol. Chem. 
266, 16120-15127 

Chirgwin, J. M., Przybyla, A. E., MacDanald, R. J., and Rutter, W. J. (1979) 

Biochemistry 18, 5294-6299 
Dennis, J. W. (1986) Cancer Res. 46, 6131-5136 

DeSantis, R, Santer, U. V, and Glick. M. C. (1987) Biochem. Biophys. Res. Com- 

mun. 142, 348-353 
Elbein, A D. (1991) FASEB J. 6, 3056-3063 

Esmon, B., Esmon, P. C, and Schekman, R. (1984) J. Biol. Chem. 259, 10322- 
10327 

Field, J., Nikawa, J.-I., Broek, D., MacDonald, B., Rodgers, L., Wilson, I. A, Lemer, 

R A, and Wigler, M. (1988) Mol. Cell. Biol. 8, 2159-2165 
Forsee, W. T., and Schutzbach, J. S. (1981) J. Biol. Chem. 256, 6577-6582 
Forsee, W. T., Palmer, C. F., and Schutzbach, J. S. ( 1989) J. Biol. Chem. 264, 

3869-3876 
Fukuda. M. N. (1990) Glycobiology 1, 9-15 
Grondin, B., and Herscovics, A (1992) Glycobiology 2, 369-372 
Harduin-Lepers, A., Shaper, J. H., and Shaper, N. L. (1993) J. Biol. Chem. 268, 

14348-14359 

Hartman, E., Rapoport, T. A., and Lodish, H. F. (1989) Proc. Natl. Acad. Set 

U.S. 5786-6790 
Herscovics, A, and Jelinek-Kelly, S. (1987) Anal. Biochem. 166, 85-89 
Herscovics, A, and Orlean, P. (1993) FASEB J. 7, 640-650 
Jelinek-Kelly, S., and Herscovics. A (1988) J, Biol. Chem. 263, 14757-14763 
Jelinek-Kelly, S,, Akiyama, T., Saunier, B., Tkacz, J. S., and Herscovics, A (1985) 

J. Biol. Chem. 260, 2253-2257 
Joziaase, D. H. (1992) Glycobiology 2, 271-277 
Kolodziej, P. A, and Young, R. A (1989) Mol. Cell. Biol. 9, 5387-6394 
Kornfeld, R., and Kornfeld, S. (1985) Annu. Rev. Biochem. 54, 631-664 
Kozak, M. (1989) J. Cell Biol. 108, 229-241 



Kukowska-Latallo, J. E, Larsen, R D., Nair, R P., and Lowe, J. B. (1990) Genes & 
Dev. 4, 1288-1303 

Larsen, R D., Rajan, V. P., Ruff, M. M., Kukowska-Latallo, J., Cummings. R D., 
and Lowe, J. B. (1989) Proc. Natl. Acad. ScL U. S. A. 86, 8227-8231 

Lejbkowicz, F., Goyer, C, Darveau, A, Neron, S., Lemieux, R., and Sonenberg, N. 
(1992) Proc. Natl. Acad. Sci. U. S. A. 89, 9612-9616 

Lubas, W A, and Spiro, R G. (1987) J. Biol. Chem. 263, 3990-3998 

Marsden, B. J., Shaw, G. S., and Sykes, B, D. (1990) Biochem. Cell Biol. 68, 
587-601 

Moremen. K. W. (1989) Proc. Natl. Acad Sci. U. S. A 86, 5276-6280 
Moremen, K. W, and Robbins, P. W. (1991) J. Cell Biol. 116, 1521-1534 
Moremen, K. W, Schutzbach, J. &, Forsee, W. T., Neame, P., Bischoff, J., and 

Lodish, H. F. (1990) Glycoconjugate J. 7, 401 
Moremen, K. W, Trimble, R. B., and Herscovics, A (1994) Glycobiology, in press 
Newton, S. A, White, S, L., Humphries, M. J., and Olden, K. (1989) J. Natl Cancer 

Inst. 81, 1024-1028 

Nguyen, M. t Folkman, J., and Bischoff, J. (1992) J. Biol. Chem. 267, 26157-26165 
Puccia, R, Grondin, B., and Herscovics, A. (1993) Biochem. J. 290, 21-26 
Rees, D. J. G., Ades, S. E.. Singer, S. J., and Hynes, R O. (1990) Nature 347, 
685-689 

Roth, J., Brada, D., Lackie, P. M„ Schweden, J., and Bause, E. (1990) Eur. J. Cell 
Biol. 53, 131-141 

Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular Cloning: A Labo- 
ratory Manual, Second Ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY 

Sanchez-Lopez, R., Nicholson, R., Gesnel, M.-C., Matrisian, L. M., and Breathnach, 

R. (1988) J. Biol. Chem. 263, 11892-11899 
Sanger, F., Nicklen, S., and Coulson, A. R. (1977) Proc. Natl. Acad. Sci. U. S. A 74, 

5463-5467 

Schachter, H. (1991) Curr. Opin. Struct. Biol. 1, 755-765 

Schweden, J., and Bause, E. (1989) Biochem. J. 264, 347-355 

Schweden, J., Legler, G., and Bause, E. (1986) Eur. J. Biochem. 157, 563-670 

Shaper, J. H., and Shaper, N. L. (1992) Curr. Opin. Struct. Biol. 2, 701-709 

Shoup, V. A, and Tbuster, O. (1976) J. Biol. Chem. 251, 3845-3852 

Tfcbas, I., and Kornfeld, S. (1979) J. Biol. Chem. 254, 11656-11663 

Tulsiani, D. R. P., Hubbard, S. C, Robbins, P. W., and Tbuster, O. (1982) J. Biol. 

Chem. 257, 3660-3668 
Tulsiani, D. R P., and Tbuster, O. (1985) J. Biol. Chem. 260, 13081-13087 
Tulsiani, D. R. P., and Tbuster, O. (1988) J. Biol. Chem. 263, 5408-5417 
Velasco, A, Hendricks, L.. Moremen, K. W., Tulaiani, D. R P., Tbuster, O., and 

Farquhar, M. G. (1993) J. Cell Biol. 122, 39-51 
von Heyne, G., and Gavel, Y. (1988) Eur. J. Biochem. 174, 671-678 
Yang, Y.-C, Ciarletta, A B., Temple, P. A, Chung, M. P., Kovacic, S., Witek- 

Giannotti, J. S„ Leary, A C, Kriz, R, Donahue, R. E., Wong, G. G., and Clark, 

S. C. (1986)Ce// 47,3-10 
Yoshihisa, T., and Anraku, Y. (1990) J. Biol. Chem. 265, 22418-22425 
Ziegler, F. D., and Trimble, R B. (1991) Glycobiology 1, 605-614 



